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= (54) Title: METHOD AND APPARATUS FOR INSPECTING HOLLOW TRANSPARENT ARHCLES 

(57) Abstract: A method and apparatus 
for deteimining a physical characteristic 
of a hollow transparent article (46) 
such as a container or tube, comprising 
a scanner (34) for creating a scanning 
light beam (36), a beam splitter (38) for 
splitting light beam into two inspection 
light beams (39,40) which are caused 
to impinge on different portions of 
the article (46). At least two sensors 
(100.101,102.103,104,105) receive light 
reflected from the external and internal 
surfaces of the wall of the article (46) 
and convert the same into corresponding 
electrical signals. The electrical signals 
are based upon the elapsed time from 
the initiation of the light beam or 
scanning beam until arrival of a reflected 
light beam at at least two sensors 
(100,101,102,103.104,105). A processor 
(50) receives a time initiation signal from 

, a reference sensor ( 1 9) and time of receipt 

On yv I AO-^^^,.^ — /n^v reflected signals from the at least two 

\V' ^^^^^^^^^"^^ / X sensors (100,101.102,103,104,105). 
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METHOD AND APPARATUS FOR INSPECTING HOLLOW 
TRANSPARENT ARTICLES 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention is directed toward an optical method and 

associated apparatus for determining a physical property of a hollow transparent 
article and, more specifically, it is directed toward such a method and system for 
determining the characteristic, such as wall thickness and shape, by means of 
multiple inspection light beams which are received by multiple detectors and 

10 processed to ascertain the desired information. 

2. Description of the Prior Art 

It has been known to employ optical non-contacting means to inspect 
hollow transparent articles by passing a light beam through the article having the 
light beam received by optical-electrical sensor means which convert the received 
15 light into a corresponding electrical signal which is processed by a suitable computer 
to compare the received signals with stored information. See, for example, U.S. 
Patent 5,291.271. 

U.S. Patent 4,822,171 discloses a method and apparatus of measuring 
wall thickness of a transparent container wherein a scanning beam and imaging lens 
20 are employed. The system does not have the capability of determining whether the 
interior and exterior wall surfaces are parallel or the shape of the container. It 
employs vertical orientation and a single receiver. 

U.S. Patent 4,902,902 discloses apparatus for determining thickness 
of a material such as a glass plate. It employs a single beam and line-scan camera 
25 in combination with imaging lens. It not only requires the presence of an imaging 
lens, but also lacks the ability to make a determination of whether the wall surfaces 
are parallel and to make a shape determination. 

U.S. Patent 5,291,271 discloses a system employing a single beam, a 
line-scan camera in combination with an imaging lens. Laser light is employed 
30 along with container rotation. 
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U.S. Patent 5,636,027 discloses a dual beam system having a dual 
line-scan camera with imaging lenses. As a result of the presence of only two 
receivers, it lacks the ability for determining shapes such as radii and also as a result 
of the required use of an imaging lens, it has positional limitations. 

5 European Patent Application EP 0 871 007 A 1 discloses a single 

beam and line-scan camera in combination with imaging lenses. While it discloses 
means for measuring container diameter, it lacks the ability to distinguish between 
various shapes, such as an elliptical shape and flat spot, for example. 

]n spite of the foregoing disclosures, there remains a very real and 

10 substantial need for an improved type of system for inspecting transparent hollow 
articles wherein wall thickness, parallel relationship between interior and exterior 
surfaces of the wall and shape may be automatically and effectively determined. 
SUMMARY OF THE INVENTION 
The present invention has met the hereinbefore described needs. 

15 The method of the present invention determines a physical 

characteristic of a hollow transparent article by positioning the article at an 
inspection station, creating a scarming light beam, splitting the scanning light beam 
into two inspection light beams and causing the two inspection light beams to 
impinge on different portions of the article. A plurality of sensors are employed to 

20 receive the light reflected from the external and internal surfaces of the wall of the 
article and convert the same into electrical signals which are delivered to a suitable 
processor. The processor may be a microprocessor programmed in a manner well 
known to those skilled in the art. A sensor also provides initiation of a timing 
cycle. The times of arrival on the reflected light beams are compared by the 

25 processor from sensor to sensor and are employed in making a determination as to 
whether the interior surfaces are parallel to the exterior surfaces, whether the article 
has a particular shape and such things as wall thickness. 

The method does not require the use of an imaging lens intermediate 
the article and the sensors. Preferred parameters regarding the inspection light 
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beam regions of impingement, the times of arrival of the plurality of sensors and 
other characteristics of the information being sought arc provided. 

The apparatus of the present invention includes a light source, which 
may be a laser, for emitting a light beam which is delivered to a scanner which 
5 creates a scanning light beam which in hirn by a beam splitter is converted into a 
pair of inspection light beams. The inspection light beams are caused to impinge on 
the article being inspected from generally opposed directions with a plurality of 
sensors receiving reflected light beams from the article being inspected and 
converting the same into responsive electrical signals which are emitted to the 
10 processor for determination based upon tinrie of arrival of the reflected light beams 
at respective sensors to make various determinations regarding thickness and shape 
of the article being inspected. 

It is an object of the present invention to provide an accurate, rapid, 
multi-beam method of inspecting hollow transparent articles to determine 
15 characteristics such as wall thickness and shape. 

It is a further object of the present invention to provide such a system 
wherein a plurality of sensors receive reflected beams and permits a processor, 
based upon relative timing of receipt of the same, to make such determinations 
through comparisons. 
20 It is yet another object of the present invention to provide such a 

system which is suitable for inspecting transparent glass or plastic containers. 

It is a further object of the present invention to provide such a system 
which does not require the use of positional limiting imaging lenses. 

It is a further object of Ihe present invention to provide such a system 
25 which is adapted to determine radii and wall thickness of transparent containers. 

These and other objects of the invention will be more fiilly 
understood from the following detailed description of the invention on reference to 
the illustrations appended hereto. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates schematically a prior art system showing a single 
scanning light beam employed to cause a scanning beam to impinge upon an object 
which is being inspected. 
5 Figure 2 is a schematic illustration of a scanning beam, two 

inspection beam system of the present invention employed to inspect articles. 

Figure 3 is a schematic illustration of opposed light beams and a 
plurality of sensors employed in inspecting an article of the present invention. 

Figure 4 is a schematic illustration showing details of one of the 
10 inspection light beam being scanned on an article and reflected light beam. 

Figures 5{a)-5(c) is a plot of pulse trains representative of electrical 
signals emitted by each of three sensors over a period of time. 

Figures 6{a)-6(d) represent time-related plots of the relative 
relationship of a set of reflected light beams by three sensors per plot. 
15 Figures 7(a)-(d) show time related plots of individual sensors as 

compared for purposes of determining whether the inner and outer surfaces of the 
article wall are parallel. 

Figure 8 is a schematic illustration showing the interrelationship 
between the plurality of sensors and the processor of the present invention. 
20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As employed herein, reference to "transparent hollow article" shall 
refer to hollow articles including containers and tubes which have adequate 
transparency to permit the light transmission needed for the invention to function 
and shall expressly include tinted articles which meet these characteristics. It shall 
25 also include articles that are sufficiently transparent to either the visible or infrared 
spectrum. It also shall embrace articles made of glass and/or plastic. 

Referring to Figure 1, there is shown a light source 10 which may be 
a laser directing a light beam 1 1 to rotatable beam deHection apparatus 12 which is 
designed to rotate about axis 13 in the direction shown by arrow R. In the form 
30 illustrated, it may be a polygonal mirror scanner. The emerging light beam 15 

4 
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passes through beam forming optics or lens 14 and impinges on mirror 16 which 
causes the redirected beam 18 to move generally to the right of Figure L The 
direction of scanning of the beam 18 as it emerges from mirror 16 is indicated by 
the arrow S and the width of the scanning beam W is shown. This prior art system 

5 produces parallel rays of small beam diameter at the surface of the object being 
evaluated (not shown). Figure 1 also shows a sensor 19 which is adapted to receive 
a portion of beam 15 to detect the beginning of a scanning cycle. It will be noted 
that it is positioned at such a location as to pick up the first beam 17 that will 
emerge from mirror 16. 

10 Referring to Figure 2, a schematic illustration of the present 

invention will be considered. 

In this embodiment, a light source 30, which may be a laser, emits a 
light beam 32 which impinges upon rotatable beam deflector 34 which in turn eniits 
beam 36 which is the scanning light beam. The scanning light beam 36 enters the 

15 beam splitting member 38 which may be a beam splitting cube. The beam splitting 
cube 38 splits the scanning beam 36 into a first inspection light beam 39 and a 
second inspection light beam 40 which are passed respectively through beam 
forming optics or lenses 42, 44 and impinge respectively on mirrors 45, 48 which 
redirect the inspection light beams 39, 40 to article 46 which, in the form shown, is 

20 a round container. Container 46. in the form shown, is mounted on rotatable 

pedestal 47 which may be driven and controlled in a manner well known by those 
skilled in the art, for example, in the direction indicated by arrow p. 

Light is reflected off the article 46 and is received by a plurality of 
sensors 100. 101, 102, 103, 104, 105 which arc spread about the region adjacent to 

25 the article 46. The details of the impinging inspection light beams 39, 40 and the 
reflected light beams will be discussed in greater detail below. 

As also shown in Figure 2, a processor 50 receives from sensors 19, 
100, 101, 102, 103, 104, and 105 via, respectively, leads 51, 52, 53, 54, 55, 56, 57 
input from the respective sensors. As will be described in greater detail hereinafter, 

30 the processor 50 which will be programmed in a manner known to those skilled in 
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the art will receive a signal from sensor 19 to indicate Ihe start oHhe scanning cycle 
and will lime the receipt of reflected light beams by emerging from the article 46 
and compare it with stored information so as to determine by way of the relative 
timing of receipt of said reflected light beams by the sensors 100, 101, 102, 103. 
5 104, and 105 to permit determination of certain physical characteristics of the 
article. For example, wall thickness, whether the article is round or non-round, 
whether the interior and exterior surfaces of an article wall are parallel, as well as 
certain size and shape determinations may be effected. The processor 50 will also 
control operation of the light source 30 through lead 60, the beam deflection 

10 apparatus 34 through lead 62 and the operation of the object rotating element 47 
through lead 64, In addition, the processor 50 may operate a reject or selection 
mechanism 68, such as those well known to those skilled in the art through lead 70. 

It will generally be preferred to have one light inspection beam 39, 
40 impinge upon the article to be inspected from a generally opposite direction than 

J5 the other inspection light beam 39, 40. In this context, reference to "opposite" does 
not necessarily mean diametrically opposite, but rather means that the incident light 
emerging from one beam 39, 40 will move in a different direction from the incident 
light from the other beam 39. 40. It is preferred that the included angle a between 
the two inspection light beams 39. 40 as they impinge on the article 46 be about 80° 

20 to 140** degrees. 

Considering a radial plane perpendicular to the object, such as plane 
37 which is perpendicular to the article 46 and referring to Figure 3 in greater 
detail, it will be seen that mirrors 45, 48 cause scanned inspection light beam 1 12, 
1 13, respectively, to impinge from opposed directions about 70° degrees therefrom 

25 and preferably about 60° degrees therefrom upon the hollow transparent article 46 
which may be considered to be a glass container, for example. 

The scanned beam is illustrated in such a manner that a prior beam is 
representative of inspection light beam 1 12 is designated 1 14 and a subsequent one 
1 16. Similarly, a prior portion of inspection light beam 1 13 is indicated as 1 17 and 

30 a subsequent one as 118. 
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It will be seen that Ihe plurality of sensors 100, 101, 102, 103, 104, 
105 are scattered in various directions so that they each received a reflected light 
beam from only one inspection light beam 39, 40. 

Referring to Figure 4 and focusing in greater detail on inspection 
5 light beam 39, it is seen that mirror 46 sequentially directs the plurality of emerging 
beams 120, 122, 124 and so on up through 130 onto the container 46 which has a 
wall 134 having an outer surface 136 and an inner surface 138. In the form shown, 
it is seen that light beam 140 which is one of the scanned inspection light beams 
impinges on the outer surface 136 and emits a reflected light beam 142 which is 

10 received by sensor 101 at a specific time. Light beam 146 also impinges on the 
outer surface 136, but emits a reflected light beam 148 which does not impinge on 
any of the sensors 100-105. A portion 149 of light beam 39 refracts to the interior 
surface 138 and emits a reflected light beam 150 which impinges on sensor 102. 
Light beam 151 reflects off outer surface 136 and has light beam 153 impinge on 

15 sensor 105. In this manner, as the inspection light beam 39 is scanned, a plurality 
of time differentiated reflected light signals will be provided with some of them 
impinging on sensors. 

The sensors of the present invention may be any known photo- 
electrical sensors which are adapted to accurately and rapidly convert received light 

20 into responsive corresponding electrical signals. The sensors may be about 50-100 
micrometers thick and have a height of about 15-25 mm. Among the suitable 
detectors are photodiodes, silicon detectors, and PSD'S. It is preferred that cameras 
not be used. 

It will be appreciated that the present invention does not require the 
25 use of image forming lenses intermediate the container 46 and the sensors 100-105. 
This provides the advantage of being able to inspect a rotating container with large 
lateral motion. 

For convenience of disclosure. Figures 5 and 7 illustrate reflected 
light beams from both the outside and inside surfaces of the article being inspected, 
30 while Figure 6 illustrates reilcctions solely from the outside surface. 

7 
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Referring to Figure 5, with reference to three plots of individual 
sensors 101, 103, 105, which are shown as receiving light solely from the scanned 
inspection light beam 39. The legend Iq indicates the start of the cycle with the 
scanning light beam being emitted as indicated by sensor 19 (Fig. 2). As shown in 
5 Figures 5, 6, and 7, the time relationship to the response received by the sensors 
100-105 enables the determination of physical characteristics of the article 46, such 
as wall thickness, shape, radius and size, for example. Referring to Figure 5(a), it 
is seen that at two distinct times after to, sensor 101 received a reflected light beam 
as shown by the representation of signals 160, 161. By comparison, sensor 103 

10 received reflected light beams at 162 and 163, which were later in time than sensor 
103, but generally of equal magnitude and with the same interval between received 
reflected light beams as sensor 103. Similarly, sensor 105 received reflected light 
beams shown by signals 164, 165, which also were received later in time, but with 
the same time interval between signals 164 and 165. The electrical signals delivered 

15 . to the processor 50 enable the processor 50 to determine certain physical 

characteristics of the article 46 being inspected on the basis of these time variations 
among the plurality of sensors. 

Referring to Figures 6(a) and (b), it will be seen that the spacing 
between signals 168 and 170, representative of the time interval between sensor 101 

20 and sensor 103 receiving reflected light beams from the outside surface 136 (Fig. 4) 
is equal to the time interval between signals 170 and 171 received by detectors 103 
and 105. Similarly, as shown in Figure 6(b), the timing of receipt of signals 172, 
173 and between 173 and 174, respectively, received by sensors 101 and 102, and 
sensors 102 and 104, are equal, thereby indicating that the article being inspected, 

25 such as a container, is of round configuration. The closer the next adjacent signals 
on a given plot, the smaller the radius of the article. 

By contrast, with reference to Figure 6(c), it is seen that the original 
lime interval of receipt of reflected light beams, as shown by signals 176, 177, is of 
a shorter duration than the time interval between receipt of signal 177 by sensor 103 

30 and signal 178 of sensor 105. This indicates a flat spot or a departure from a 

8 
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circular configuration of Ihc portion of the container inspected. As the spacing 
between 176 and 177 is equal to the spacing between 168 and 170, while Ihe spacing 
between 170 and 171 on the one hand, and 177 and 178 on the other, is different, 
this would tend to indicate a round configuration which, in the case of Figure 6(c), 
5 has a local flat spot. Also, with respect to Figure 6(d), it is noted that reflected 
beams generating signal 179, 180 between detectors 100 and 102 has the same 
spacing as the spacing between signals 172 and 173 in Figure 6(b), but has a 
different spacing between signals 180 and 181 as compared with the spacing 
between sensor signals 102 and 104 in Figure 6.(b). This also indicates the presence 

10 of a local flat zone. 

Referring now to Figure 7 in greater detail, it will be seen that once 
one has established through the described means a determination of the outer surface 
parameters, one can investigate the inner surface and, therefore, determine optically 
by non-contacting means, the container wall thickness and whether the inner 

15 container wall surface is parallel to the outer container wall surface. Referring to 
Figures 7(a) and (b), it is seen that in respect of sensors 100 and 101 which, as 
shown in Figure 2, impinge in opposite positions with respect to the article 46, the 
elapsed time T,oo between signals 190 and 192 of sensor 100 and time T,oi of 
signals 193 and 194 of sensor 101 are identical. As T,oo = T,o, , this confirms that 

20 the inner and outer surfaces of the walls are parallel. 

By contrast, looking at the example shown in Figures 7(c) and (d), it 
is seen that as to sensor 100; the signals 195, 196 are spaced by a time T,oo which is 
smaller than the time spacing T,o, between signals 197, 108 and, therefore, Tjo, does 
not equal Tj,^) , thereby indicating that the inner wall surface is not parallel to the 

25 outer wall surface in the portion inspected. 

It will be appreciated, therefore, that when the wall surfaces are not 
parallel, the relationship between opposing sensors becomes unequal. The absolute 
magnitude of the time between signals is such that the greater the thickness of the 
wall, the larger the time displacement. 
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In Figures 5-7, specific sensors have been employed by way of 
example. It will be appreciated that the use of a plurality oLscnsors in the present 
invention may include some inherent redundancy by using more than (he minimum 
number of sensors needed to accomplish the inspection in order to provide a more 
5 reliable system. In general, it is preferred to employ at least three sensors. 

If desired, one or more additional systems identical to that described 
herein may be employed to inspect the article at different heights. In such a system, 
an additional light source, a beam scamiing mechanism, a beam splitter, and a 
component for causing the inspection light beams to impinge on the container would 
10 be provided, as well as a separate plurality of sensors for each system. In this 
manner, multiple inspections at different heights of the object may be effected 
simultaneously. 

Referring to Figure 8, a preferred embodiment of the invention will 
be considered. A plurality of sensors 100, 102, 103, 104, 105. These sensors 

15 provide their output to timing recorder portion 200 of the processor system 50 and 
deliver the same to the processor 204 for comparison through lead 202 which 
processor also receives stored information 206 over lead 208 regarding the 
characteristics being monitored. If the conclusion is that a defect causing a basis for 
rejection of the article exists, a signal is output from the processor 50 oyer lead 210 

20 to reject mechanism 212 which may physically remove the article such as a 

container from the inspection station or associated conveyor. If desired, a suitable 
user interface 214 to provide information regarding the inspection results and to 
input information to the system over lead 215 may be provided. 

It will be appreciated that the present invention provides an effective 

25 means of automatically inspecting a hollow transparent article, such as a container 
or a tube, for example, employing a scanned light beam, which is split into two 
inspection light beams that are caused to impinge upon the article from generally 
opposite directions. The reflected light from each of the inspection light beams is 
caused to impinge in part on detectors which convert the received light into 

30 electrical output signals which are received by a processor which on the basis of the 

10 
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relative liming of receipt of the reflectecl light beams makes a delermination 
regarding characteristics of the article being inspected. For example, in the case of 
a glass or plastic container, the shape of the article as being round or not, whether 
the internal surface and external surface of the container wall are parallel, and the 
5 relative radius of a round container, may be ascertained. 

While it will be appreciated that various scan speeds can be 
employed, it is currently preferred to operate the present invention at a scanning 
speed at least 3 kHz. 

Whereas particular embodiments of the present invention have been 
10 described herein for purposes of illustration, it will be evident to those skilled in the 
art that numerous variations of the details may be made without departing from the 
invention as set forth in the appended claims. 
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In the Claims: 

1 . A melhod of determining a physical characteristic of a hollow 
transparent article comprising 

positioning said article at an inspection station, 
creating a scanning light beam, 

splitting said scanning light beam into two inspection light 

beams, 

causing said two inspection light beams to impinge on 
different portions of said article, 

employing a plurality of sensors to receive light reflected from 
the external and internal surfaces of a wall of said article and convert the same into 
corresponding electrical signals, 

determining the times of arrival at said plurality of sensors of 
light reflected from said article, and 

employing said times to determine said physical characteristic 

of said article. 

2. The method of claim 1 including 

employing a container as said transparent article. 

3. The method of claim 1 including 
employing a tube as said transparent article. 

4. The method of claim 1 including 

effecting said scanning by establishing relative movement 
between a light beam and a beam deflector. 

5. The method of claim 4 including 

employing laser light as the light in said scanning light beam. 

6. The method of claim 1 including 

employing a beam splitter to split said scanning light beam 
into said two inspection beams. 

7. The method of claim 6 including 
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causing said two inspeclion beams to impinge on said article 
subslanlially simultaneously from generally opposite directions. 

8. The method of claim 1 including 

initiating said time determination when either said scanning 
light beam or said inspection light beam passes a time reference sensor, and 

terminating said time measurement as to each said reflected 
light beam when said reflected light beam arrives at a said detector. 

9. The method of claim 8 including 

delivering said sensor electrical signals to a processor, and 
employing said processor to determine wall thickness of said 
article from said electrical signals. 

10. The method of claim 2 including 

subjecting said container to axial rotation during said 

determination. 

11. The method of claim 1 including 

positioning a First group of said sensors to receive reflected 
light beams emerging from a first said inspection light beam, and 

positioning a second group of sensors to receive reflected light 
beams emerging from a second said inspection light beam. 

12. The method of claim 1 including 

employing said method to determine wall thickness of said 

article. 

13. The method of claim 1 including 

employing said method to determine shape of said article. 

14. The method of claim 12 including 
employing said method on a container. 

15. The method of claim 14 including 

employing said method to determine if the outer and inner 
surfaces of a container wall are generally parallel. 

16. The method of claim 10 including 
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effecting progressive inspection of said container at a 
particular elevation as said container rotates axially. 

17. The method of claim 13 including 

employing said time measurement to determine said shape 
with greater frequency of reflected light beams received at a plurality of said sensors 
indicating a reduced radius on said article. 

18. The method of claim 4 including 

redirecting the paths of said inspection light beams emerging 
from said beam deflector to cause said inspection light beams to impinge on said 
article. 

19. The method of claim 18 including 

passing said inspection light beams through beam forming 

optics. 

20. The method of claim 19 including 

employing mirrors to redirect the path of said inspection light 

beams. 

21. The method of claim 16 including 

creating a plurality of said scanning light beams at different 
elevations to inspect said container at different elevations, and 

employing a different plurality of said sensors for each said 

scanning light beam. 

22. The method of claim 17 including 

determining if said electrical signals received from a pair of 
opposed said sensors are received at the same time intervals that said shape is 
round. 

23. The method of claim 17 including 

determining if said electrical signals received from a pair of 
opposed said sensors at different time intervals that the shape is not round. 

24. The method of claim 1 including 
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causing said two inspection light beams to impinge on said 
article from generally opposed directions. 

25. The method of claim 24 including 

causing said inspection light beams to impinge on said article 
at an included angle of about 80^ to 140*" degrees. 

26. The method of claim 1 including 

performing said method without employing image forming 
lenses between said article and said sensors. 

27. The method of claim 25 including 

each said inspection light beam impinging on said article 
within about 60° degrees of a radial plane oriented perpendicular to said article. 

28. The method of claim 1 including 

employing said method to determine whether the inner surface 
of a container wall is parallel to the outer surface thereof. 

29. The method of claim 28 including 

employing elapsed time between successive electrical pulses 
of two or more said sensors in making said determination of whether the surfaces 
are parallel. 

30. Apparatus for inspecting an article comprising 
a light source for emitting a light beam, 

a scanner for receiving said light beam and emitting a 

scanning light beam, 

a beam splitter for converting said scanning light beam into 
two inspection light beams which generally simultaneously impinge on different 
portions of said article, 

a plurality of sensors for receiving reflected light beams from 
said article From one of said inspection light beams and emitting responsive 
electrical signals, and 
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a processor for receiving said electrical signals and 
determining the time of arrival of said reHecled light beams at each of said sensors 
and determining a physical characteristic of said article. 

3 1 . The apparatus of claim 30 including 

said processor being structured to determine wall thickness of 

said hollow article. 

32. The apparatus of claim 30 including 

said processor being structured to determine shape of said 

hollow article. 

33. The apparatus of claim 30 including 

each said detector positioned to receive reflected light beams 
from onJy one of said inspection light beams. 

34. The apparatus of claim 30 including 

said processor being structured to receive information 
regarding the initiation time of said scanning light beam. 

35. The apparatus of claim 30 including 

each said inspection light beam impinging on said article 
within an angle with respect to a radial plane perpendicular to said article of about 
70"* degrees. 

36. The apparatus of claim 30 including 

said apparatus being structured to measure non-round articles. 

37. The apparatus of claim 36 including 

said apparatus being structured to measure non-round portions 

of said article. 

38. The apparatus of claim 32 including 

said processor structured to sequentially generate information 
regarding the shape of said article as said scanning occurs. 

39. The apparatus of claim 30 including 

said processor being structured to determine if the exterior 
and interior surfaces of the wall of said article are parallel. 
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40. The apparatus of claim 30 including 

a reject mechanism for removing a container if said processor 
issues a reject signal thereto. 

4L The apparatus of claim 30 including 

said apparatus having a plurality of said light scanning, and 
detecting systems with each inspecting a different portion of 

said article. 

42. The apparatus of claim 41 including 

each said additional system positioned at a different elevation 

from the other. 

43. The apparatus of claim 30 including 

beam forming optics for directing each said inspection light 
beam onto said article. 

44. The apparatus of claim 43 including 

a mirror for receiving said inspection light beam from said 
beam forming optics and directing said inspection light to said article. 

45. The apparatus of claim 30 including 

said apparatus being structured to inspect a container. 

46. The apparatus of claim 30 including 

said apparatus being structured to inspect a tube. 

47. The apparatus of claim 30 including 
said light source including a laser. 

48. The apparatus of claim 30 including 

said apparatus being structured to cause said inspection light 
beams to impinge on said article from opposed directions, 

49. The apparatus of claim 48 including 

said apparatus being structured to effect said impingement of 
said inspection light beams on said articles substantially simultaneously. 

50. The apparatus of claim 30 including 



17 



wo 02/33349 



PCTAJSOl/30482 



at least one of said sensors being a time initiation sensor to 
provide a reference for measurement of elapsed time of reflected light beams 
received by the other said sensors. 

5 1 . The apparatus of claim 45 including 

a container support structured to effect axial rotation of said 

container. 

52. The apparatus of claim 30 including 

said inspection light beams being directed onto said article 
with an included angle therebetween of about 80° to 140** degrees. 

53. The apparatus of claim 30 including 

said processor controlling the arrival of said two inspection 
light beams to effect impingement on said article substantially simultaneously. 

54. The apparatus of claim 38 including 

said processor determining from the time of arrival of 
reflected light beams from said article to at least two sensors whether the article is 
round in shape. 

55. The apparatus of claim 54 including 

said processor determining where said electrical signals 
received from a pair of opposed sensors are received at the same time intervals that 
the shape of the article is round. 

56. The apparatus of 54 including 

said processor determining when said electrical signals are 
received from a pair of opposed sensors at different time intervals that the shape of 
the article is not round. 

57. The apparatus of claim 30 including 

beam forming optics interposed between said beam splitter 
and said article for directing said inspection light beams. 

58. The apparatus of claim 57 including 

mirrors for receiving said inspection light beams from said 
beam forming optics and directing said intersecting light beams to said article. 
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59. The apparatus of claim 55 including 

said processor means determining said round shape has a 
reduced radius when the frequency of electrical signals emanating from at least two 
compared said sensors is less than a reference standard. 
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